Introduction
============

Gastric cancer had 951,600 new cancer cases and 723,100 deaths occurred and colorectal cancer is the third-most commonly diagnosed cancer with an estimated 1.4 million new cases and 693,900 deaths in 2012 [@B1]. In the treatment of gastric cancer and colorectal cancer, chemotherapy is one of the most important modalities for both the treatment of advanced cancer and the treatment of curatively resected cancer in the adjuvant setting. Although several studies have shown that chemotherapy improves and prolongs survival, it often causes severe toxicity, which affects the patient\'s quality of life and which may necessitate the discontinuation of chemotherapy [@B2]-[@B5].

Chemotherapy-induced oral mucositis (COM) is one of the most common adverse events of chemotherapy for gastric cancer and colorectal cancer \[6. 7\]. COM is associated with a higher risk of infection, pain, chemotherapy dose reduction, and infection-related death. The mechanisms underlying the development of COM have been investigated; one reported hypothesis is that the cyclooxygenase pathway mediates tissue injury and pain through the upregulation of pain-evoking prostaglandin E2 (PGE2) and proinflammatory cytokines \[8. 9\]. Despite the attempts to reduce COM, no standard efficacious prophylactic and/or therapeutic treatment has been established. Treatment is mostly supportive, consisting of good oral hygiene, mouthwashes and analgesia [@B10].

Hangeshashinto (TJ-14) is a traditional Japanese medicine (Kampo medicine) containing 7 herbal crude drugs. Seven herbal crude drugs are as follows: Pinelliae tuber, Scutellariae Radix, Glycyrrhizae Radix, Zizyphi Fructus, Ginseng Radix, Zingiberis Processum rhizoma, and Coptidis rhizome [@B11], [@B12]. TJ-14 has been demonstrated to directly inhibit the PGE2 production in human gingival fibroblasts and to reduce the PGE2 content in the colon in several animal models of diarrhea established using anti-cancer drugs, cholera toxin or castor oil. The use of TJ-14 resulted in the amelioration of inflammatory damage in these models [@B13]-[@B20]. It has also been reported that some ingredients of TJ-14 inhibit the production of PGE2 and/or the COX-2 expression.

The HANGESHA-G and HANGESHA-C trials investigated the efficacy of TJ-14 in the prevention and/or treatment of COM in patients receiving chemotherapy for gastric cancer and colorectal cancer, in a randomized, double-blind, placebo-controlled setting [@B21], [@B22]. The current pooled analysis evaluated the efficacy of TJ-14 in the prevention and/or treatment of COM in gastric cancer and colorectal cancer using the two abovementioned prospective, multi-institutional, randomized, double-blind, placebo-controlled phase II trials.

Materials and Methods
=====================

Study design
------------

HANGESHA-G and HANGESHA-C were prospective, multi-institutional, randomized, double-blind, placebo-controlled phase II trials (UMIN000004214 and UMIN000004287) \[21. 22\]. The studies were initially designed to enroll approximately 90 patients each and to include a 4-6-week double-blind treatment period. The eligible patients were randomly assigned in a 1:1 ratio to receive either TJ-14 or the placebo. Randomization was carried out centrally at the data center using dynamic randomization with main prognostic factors, including the chemotherapy regimen (postoperative adjuvant chemotherapy, unresectable metastatic/recurrent lesions), presence/absence of previous treatment of oral mucositis, age (≥ 60 years, \< 60 years) and institution. Both TJ-14 and the placebo were administered at a dose of 2.5 g/three times per day (for a total daily dose of 7.5 g). The placebo formulation matched the texture, flavor and other characteristics of the active drug. The ingredients of placebo formulation included lactose hydrate, corn starch, dextrin, magnesium stearate, yellow No.4 aluminum lake, iron oxide red, blue No.1 aluminum lake, and caramel. The patients were advised to dissolve 2.5 g of TJ-14 or the placebo in 50 ml of drinking water and rinse their oral cavity with the solution three times daily for 10 seconds. The test drug was administered from the first day to final day of the protocol treatment course. After the protocol treatment course, TJ-14 was administered for as much of one course as possible.

Study population
----------------

The detailed inclusion and exclusion criteria have been shown in the previous reports [@B21], [@B22]. Briefly, patients who were ≥20 years of age and undergoing chemotherapy for gastric cancer or colorectal cancer were considered eligible for this study. Patients who developed moderate to severe COM (CTCAE v4.0 and WHO grade ≥1) during any cycle of chemotherapy were asked to enroll in the study. All participants were required to have a "good" performance status (i.e., scores of 0 or 1 on the Eastern Cooperative Oncology Group performance status scale). Patients with any of the following characteristics were not eligible for the study: use of Kampo medicine within two weeks before registration (Some other Kampo medicines had mucosal protection effects); a history of severe hypersensitivity (allergy) to any medicine containing antiphlogistic, analgesics, opioids or steroids; or serious constipation (TJ-14 had some antidiarrheal effect). Pregnant or lactating women were also excluded from the study. Any other medical conditions that made a patient unsuitable for inclusion in the study according to the opinion of the investigator were also regarded as exclusion criteria (Mental disorders that might affect the ability or willingness to provide informed consent or abide by the study protocol. Systemic treatment with a corticosteroid. Systemic treatment with flucytosine, phenytoin or warfarin potassium. Pneumonitis, lung fibrosis or emphysema in need for oxygen therapy. Active inflammation due to bacteria or fungi. Unstable angina or cardiac infarction within the previous six months.)

Efficacy and safety assessments
-------------------------------

The primary endpoint of this study was the incidence of COM (grade ≥ 2) in the TJ-14 and placebo arms. The secondary endpoint was the duration of COM (grade ≥ 2) in the TJ-14 and placebo arms.

Statistical analyses
--------------------

All clinical data were extracted and held centrally at the Epidemiological & Clinical Research Information Network (ECRIN) data center. The difference between the groups in the incidence of grade ≥2 COM and the 90% confidence interval were calculated. Comparisons were made using the chi-squared test. The baseline characteristics were compared using the chi-squared test for categorical variables and the *t*-test test for continuous variables. The Kaplan-Meier method, log-rank test and a Cox proportional hazards regression model were used to assess the time to healing among the patients with COM. In the present study, we pre-defined the significant level as 10%, and used 90% CI which corresponded to significant level 10%. In addition, a hazard ratio larger than 1 indicated that TJ-14 accelerated the healing of COM. The distribution of clinical factors, including age, sex, performance status, disease lesion, adjuvant or metastatic, and chemotherapy regimen were described and compared across trials using a chi-squared test or Fisher\'s exact test. The frequencies of adverse events were compared using Fisher\'s exact test. All p-values were two-sided. All statistical analyses were performed using the SAS software program (ver. 9.4 for Windows; SAS Institute, Cary, NC).

Ethical considerations
----------------------

The study data and informed consent were obtained in accordance with the Declaration of Helsinki, and were approved by the Ethics Review Board of each participating institution. All patients were given a written explanation of each study protocol and provided their written informed consent before participating in the trial.

Results
=======

Patients
--------

The pooled population included 181 patients (HANGESHA-G \[91 randomized patients; 50.3%\]; HANGESHA-C \[90 patients; 49.7 %\]). The baseline demographic and disease characteristics were similar across the treatment groups (**Table [1](#T1){ref-type="table"}**). No patients received radiation therapy or molecular targeting agents before enrollment. No patients were enrolled in the study if there was any clinical evidence of another active oral mucosal disease at baseline.

The incidence of COM
--------------------

The incidence of grade ≥ 2 COM was 55.7% (49 patients) in the TJ-14 group and 53.8% (50 patients) in the placebo group, there was no significant difference between the two groups (p=0.796) (**Table [2](#T2){ref-type="table"}**). TJ-14 had no preventive effect against COM.

Time to remission of COM
------------------------

The median time to remission of grade ≥ 2 COM to grade \<1 was 8 \[90% confidence interval: 4-10\] days in the TJ-14 group and 15 [@B9]-[@B24] days in the placebo group (p= 0.072) (**Figure [1](#F1){ref-type="fig"}**) (**Table [2](#T2){ref-type="table"}**). Treatment with TJ-14 was associated with a significant reduction in the duration of severe grade ≥ 2 COM in comparison to the patients who received the placebo (in terms of the effect of TJ-14 in reducing the severity of COM). Moreover, the hazard ratio was 1.54 \[1.02 to 2.31\], in favor of TJ-14. Because a hazard ratio larger than 1 indicated that TJ-14 accelerated the healing of COM in the present study. When the subgroup analysis of time to remission of COM, there were significant differences in patients with advanced disease and those receiving doublet regimens.

Safety
------

The patients\' hematological parameters and blood biochemistry were analyzed and the incidence of non-hematological toxicities was investigated. The most commonly reported treatment-related adverse events were anorexia, a change in performance status, nausea, neutropenia and diarrhea, all of which typically occur in cancer patients receiving cytotoxic chemotherapy (**Table [3](#T3){ref-type="table"}**). The majority of these events were mild to moderate in severity and considered unrelated to the study drug.

Discussion
==========

To date, this meta-analysis is the first evaluation of the use of TJ-14 to treat COM in patients with gastric cancer and colorectal cancer in a prospective placebo-controlled randomized study. Although the incidence of ≥ grade 2 COM was similar between TJ-14 arm and the placebo arm, TJ-14 was associated with a statistically significant reduction in the duration of severe grade ≥2 COM compared with patients receiving placebo in gastric cancer and colorectal cancer. Thus, TJ-14 did not have a preventive effect against COM; however, it might have had a treatment effect.

First, we want to discuss why TJ-14 did not show a preventive effect against COM in patients with gastric cancer and colorectal cancer in the present study. The most likely reason is that the dose-reduction of chemotherapy performed before the administration of TJ-14 treatment affected the incidence and duration of COM. It has been suggested that the development of mucositis is an important chemotherapy dose-limiting factor among patients with solid tumors [@B23]. The risk of dose reduction doubled when mucositis was present [@B24]. For example, Elting et al. retrospectively analyzed 599 patients who developed chemotherapy-induced oral mucositis [@B25]. They found a reduction in the dose of the next cycle of chemotherapy was twice as common after cycles with mucositis as it was after cycles without mucositis (23% vs. 11%; P\< 0.0001). Similar results were observed in another study [@B26]. Taking these findings into consideration, dose reduction of the chemotherapy regimen might have been a key issue in improving the incidence and/or duration of COM. We assume that the effects of TJ-14 on oral mucositis might have been offset by a reduction in the chemotherapy dose just before the experimental cycle. Actually, 20% of the patients who developed grade ≥2 COM before being entered into this study stopped or postponed the original chemotherapy and their doses were reduced at the time of the next chemotherapy cycle. Thus, these patients might have been less likely to develop COM in the present study.

Second, we wish to discuss the treatment effect of TJ-14 for COM. TJ-14 was associated with a statistically significant reduction in the duration of severe grade ≥2 COM in comparison to the patients who received the placebo. TJ-14 might suppress the inflammatory cascade during COM. Previous studies showed that a statistically significant increase in the number of endothelial cells in the oral mucosa with the expression of nuclear factor kappa B (NF-κB) and cyclooxygenase 2 (COX-2) in the post-chemotherapy treatment period in comparison to that observed in the pre-treatment period. The expression of COX-2 in these cells represents the initial sign of the inflammatory cascade that determines the production of prostaglandins (PG) and further tissue damage. COX-2 is also upregulated by NF-κB, which plays an important role in the inflammatory process [@B27]. TJ-14 has been demonstrated to directly inhibit the production of PGE2 and/or the expression of COX-2 [@B28]. Moreover, it has been previously reported that TJ-14 exerts an anti-inflammatory effect by suppressing the levels of lipopolysaccharide-induced Interleukin (IL)-6, IL-8, COX-1 and COX-2, in a dose-dependent manner [@B29].

The present study is associated with some limitations. First, we only focused and targeted chemotherapy-induced oral mucositis (especially cytotoxic agent-induced oral mucositis) in the present study. Molecular targeting therapy and radiotherapy are well-established treatments for gastric cancer and colorectal cancer. However, although these treatments also induce mucositis, patients who received these treatments were not included in the present study. Thus, it is unclear whether the present study results are applicable to molecular targeting treatment-induced oral mucositis and/or radiation-induced oral mucositis. Second, the incidence of COM might have been underestimated. In the present study, the physicians checked the oral condition and investigated the incidence of COM in all patients at in an outpatients setting during the pre-treatment and experimental periods according to the WHO or CTCAE criteria. However, the physicians were able to detect only severe pseudo membranous/ulcerative mucositis and could not detect mild to moderate COM, which is often misdiagnosed as pain or numbness. Third, cryotherapy is widely recommended as a promising method for COM. However, we did not compare the effect of TJ-14 and placebo with cryotherapy. Further study should be focus on this issue.

In conclusion, although this trial did not show a beneficial for prevent effect of TJ-14 in reducing COM, the treatment effect of TJ-14 was associated with a statistically significant reduction in the duration of severe grade ≥ 2 COM in comparison to patients who received a placebo. TJ-14 might have a treatment effect in COM. Further study should focus on the treatment effect of TJ-14 in COM.
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###### 

The patient characteristics of the TJ-14 and placebo groups

  -------------------------------------------------------------------------------------------------------------------------------
  Treatment                                                               TJ-14\                  Placebo\    P-value     
                                                                          (N=88)                  (N=93)                  
  ----------------------------------------------------------------------- ----------------------- ----------- ----------- -------
  **Type of cancer**                                                                                          0.822       

                                                                          Colon cancer            43(48.9%)   47(50.5%)   

                                                                          Gastric cancer          45(51.1%)   46(49.5%)   

  **Sex**                                                                                                                 0.296

                                                                          Male                    55(62.5)    51(54.8)    

                                                                          Female                  33(37.5)    42(45.2)    

  **Age**                                                                                                     0.341       

                                                                          Mean (SD)               67.2(9.9)   65.8(9.7)   

  **Performance status**                                                                                      0.754       

                                                                          0                       73(83.0)    80(86.0)    

                                                                          1                       13(14.8)    10(10.8)    

                                                                          2                       2(2.3)      3(3.2)      

  **Chemotherapy status**                                                                                     0.985       

                                                                          Adjuvant setting        33(37.5)    35(37.9)    

                                                                          Advanced setting        55(62.5)    58(62.4)    

  **Platinum containing chemotherapy**                                                                        0.494       

                                                                          Yes                     59(67%)     66(71.7%)   

                                                                          No                      29(33%)     26(28.3%)   

  **Chemotherapy at the time of registration**                            0.867                                           

                                                                          5-fluorouracile based   67(76.1%)   67(72.8%)   

  Taxanes based                                                           3(3.4%)                 4(4.3%)                 

  CPT-11 based                                                            18(20.5%)               21(22.8%)               

  **Dose reduction of the chemotherapy before the experimental cycles**   0.455                                           

                                                                          Yes                     19(21.6%)   16(17.2%)   

                                                                          No                      69(78.4%)   77(82.8%)   
  -------------------------------------------------------------------------------------------------------------------------------

###### 

The effect of TJ-14 on chemotherapy-induced oral mucositis

  -------------------------------------------------------------------------
  Treatment                         TJ-14\         Placebo\       P-value
                                    (N=88)         (N=93)         
  --------------------------------- -------------- -------------- ---------
  The incidence of grade ≥2 COM\*                                 0.796

                                    49 (55.7%)     50 (53.8%)     

  Time to remission of COM\*                                      0.072

                                    8 days\        15 days\       
                                    (range 4-10)   (range 9-24)   
  -------------------------------------------------------------------------

COM: chemotherapy-induced oral mucositis

###### 

Hematological and biochemical toxicities observed during treatment

                               Grade≥1      Grade≥2                                    
  ---------------------------- ------------ ------------ ------- ---------- ---------- -------
  Hematological toxicity                                                               
  Leucopenia                   7 (8%)       9 (9.7%)     0.796   0 (0%)     0 (0%)     1.000
  Neutropenia                  8 (9.1%)     8 (8.6%)     1.000   1 (1.1%)   0 (0%)     0.486
  Hemoglobin                   60 (68.2%)   60 (64.5%)   0.639   0 (0%)     0 (0%)     1.000
  Platelet                     13 (14.8%)   16 (17.2%)   0.690   0 (0%)     0 (0%)     1.000
  T-Bilirubin                  3 (3.4%)     6 (6.5%)     0.498   0 (0%)     0 (0%)     1.000
  AST                          7 (8%)       7 (7.5%)     1.000   0 (0%)     0 (0%)     1.000
  ALT                          9 (10.2%)    11 (11.8%)   0.815   0 (0%)     0 (0%)     1.000
  Non-hematological toxicity                                                           
  Anorexia                     38 (43.2%)   37 (39.8%)   0.654   3 (3.4%)   1 (1.1%)   0.357
  Nausea                       19 (21.6%)   27 (29%)     0.306   2 (2.3%)   0 (0%)     0.235
  Vomiting                     5 (5.7%)     4 (4.3%)     0.742   0 (0%)     0 (0%)     1.000
  Diarrhea                     14 (15.9%)   13 (14%)     0.835   1 (1.1%)   1 (1.1%)   1.000
  Constipation                 7 (8%)       13 (14%)     0.239   0 (0%)     0 (0%)     1.000
  Peripheral neuropathy        9 (10.2%)    5 (5.4%)     0.272   0 (0%)     1 (1.1%)   1.000
  Lassitude                    6 (6.8%)     5 (5.4%)     0.762   0 (0%)     0 (0%)     1.000
  Hand-foot syndrome           5 (5.7%)     7 (7.5%)     0.768   0 (0%)     0 (0%)     1.000
  Skin reaction                2 (2.3%)     2 (2.2%)     1.000   0 (0%)     0 (0%)     1.000
  Dysgeusia                    5 (5.7%)     1 (1.1%)     0.110   1 (1.1%)   0 (0%)     0.486

AST: aspartate aminotransferase, ALT: alanine aminotransferase
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